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Patented Jan. 29, 1924. 

UNITED STATES 

1,481,831 

PATENT office. 
CHARLES S. DEMAREST, OF BROOKLYN, NEW YORK, ASSIGNOR TO AMERICAN TELE 

HONE AND TELEGRAPH. COMPANY, A CORPORATION OF NEW YORK. 
REPEATER ARRANGEMENT FOR MULTIPLEx SIGNALING. 

Applicatiun filed September 13, 1919. Serial No. 323,492. 
To all "hon, it may concern; 

IBeit known that I, CHARLEs S. DEMAREST, residing at Brooklyn, in the county of 
Kings and State of New York, haye invent 5 cl certain Improvements in Repeater Ar rangements for Multiplex Signaling, of which the following is a specification. 
This invention relates to signaling sys tems and more particularly to repeating ap 10 'aratus for such systems. 
One of the main features of the invention 

is the rovision of a repeating apparatus 
of such character that the balancing equip 
ment usually provided in connection with 15 two-way repeaters may be eliminated. 
Another feature of the invention relates 

to the provision of a repeating system in 
which transmission in opposite directions 
takes place at different Fini, with 20 such an arrangement of the repeaters that 
frequencies transmitted in one direction are almplified by one repeater or set of repeaters 
only, while frequencies transmitted in the 
opposite direction are amplified by another 25 repeater or set of repeaters only. 
Another feature of the invention is the 

provision of such an arrangement of re 
peaters that the transmission and amplifica tion of each range of frequencies can be 30 regulated independently. 

till another feature of the invention is the provision of a repeater arrangement for 
a multiple frequency system of such charac 
ter that the range of operation may be in 6 creased without singeing. 
These results, as well as other aims of 

the invention, which will be clear from the detailed description hereinafter appearing, 
are realized in a system in which one or 40 more signals simultaneously transmitted in 
one direction utilize a plurality of carrier frequencies lying within one range, while 
one or lore signals sinaultaneously trans 
mitted in the opposite direction utilize a cor As responding humber of carrier frequencies 
lying within another range. In order to am 
plify the oppositely directed transmission one-way repeating apparatus (which may 
comprise a single repeater unit or separate 

to repeater units E. the frequen 
cies of different signals transmitted in the 
same direction) is provided for the purpose 

of amplifying frequencies within the range 
utilized for transmission in one direction. By associating properly designed filters 
with the repeating apparatus, frequencies 
transmitted in the opposite direction will be prevented from reacting upon this one-way 
repeating apparatus, so that it is possible to 
directly associate the input and output cir 
cuits of the two sets of repeating apparatus 
for repeating in opposite directions, with 
out using artificial lines or balancing net works to prevent singeing. 
The invention may now be more fully inderstood from the following description, when read in connection with the accom 

panying drawing, Figures 1 and 2 of which, 
when taken together, constitute a circuit 
diagram of one embodiment of the inven 
tion and Figs. 1 and 3 of which, when taken 
together, constitute a circuit diagram of an 
other embodiment of the invention. 

Referring to Figs, 1 and 2, ML desig 
nates a transmission line terminating in car 
rier apparatus, as shown in Fig. 1. The 
terminal carrier apparatus is of a well 
known character and is not a part of the present invention, so that consequently it is 
merely illustrated in schematic form. L., 
L. L and I, designate signaling circuits from which signals may be simultaneously 
transmitted over the tain line ML. The 
signals transmitted over these lines may be telephonic, telegraphic or of any other 
character which it is desired to transnit. 
and the number of signaling circuits may 
vary as circumstances may require. The line 
I, is associated with a carrier transmitting 
circuit TI, and a carrier receiving circuit 
RI, through a balanced transformer ar rangement 11, said circuits being renderett 
conjugate, so that disturbances in the one do 
not affect the other, by balancing the line 

by-means of an artificial line or network 
. In a similar manner line L, is associ ated with circuits TL, and RL, ; line L is 

associated with TL and RL, and line L, is associated with circuits TL, and RL 
In order to translate the signals incoming 

from the lines L,L, etc., into carrier cur 
rents, modulators M M M and M are provided, each modulator being supplied by 
a source of carrier currents, the several 
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sources being of different frequencies. As 
illustrated, the frequencies of the several 
modulators are 5,000, 10,000, 15,000 and 20,000 cycles respectively. These modulators 
may be of any well-known type, but are 
preferably modulators of the well-known 
vacuum tube type. The filters TF, and TF, are also provided 
in the circuit TL while an amplifier TA 
is connected between said filters. These fil 
ters are preferably of the type disclosed in the U. s Patents to George A. Campbell, 
1,227,113 and 1,227,114, dated May 22, 1917, 
and are so designed as to transmit a range 
of frequencies in the vicinity of the basis' 
carrier frequency assigned to the channel, said range having a width sufficient to take 
care of the frequency variation due to the low frequency signals. The amplifier TA 
may be of any well-known type, but is pref 
erably a vacuum tube amplifier such as is 
well-known in the art. Similar filters and 
amplifiers are provided in the circuits TL. 
TL, and TL, except that the range of fre 
ucncies transmitted by the filters in the ifferent circuits will depend upon the basic 
frequency assigned to the channel. e receiving channel RL, includes filters 
RF, and RF, , demodulator or detector D, 
and amplifier RA. The demodulator or de 
tector D, may be of any well-known char 
acter, but is preferably a detector of the vacuum tube type, employing the homodyne 
method of receiving. The demodulator or 
etector is therefore supplied with oscilla 

tions from a local source, having the same 
frequency. as the basic frequency of the 
modulated received oscillations. In the case 
illustrated, the frequency assigned to the 
channel and therefore the frequency of the 
local sour is 25,000 cycles. TE. filters RF, 
and RF, are similar to the corresponding 
filters, of the transmitting channel, except that the range of frequencies transmitted by 
the former is in the neighborhood of 25,00) 
cycles, instead of in the neighborhood of 
5,000 cycles, while filters RF, is a low pass filter transmitting only signaling frequen 
cies. It will thus be seen that the trans 
litting and receiving channels operate at 
clifferent frequencies, so that frequency sep 
aration as well as balance is available to 
prevent inter-action of the transmitting an 
receiving circuits. The amplifier IRA is 
similar in all respects to the amplifier TA, 
except that it is designed for amplifying 
low frequencies. Similar filtering, demodi lating and amplifying arrangements are 
rovided for the other receiving channels 
RL, RL and RL, Basic frequencies as 
signed to the other channels are, however, 
as illustrated, 30,000, 35,000 and 40,00) cycles for the receiving channels RL, RI. 
and RL, espectively. It will be observed that, as illustrated all of the frequencies 

1481,881 
used for transmitting lie in a range between 
3,000 and 20,000 cycles, while the frequencies 
used for reception lie between 23,000 and 40,000 cycles. This provides a very con 
siderable frequency separation between coi'- 7 responding transmitting and receiving chan 
nels of the same low frequency signaling cir 
cuit. The transmitting channels TL, TL. TI 
and TL, are associated with a common trans 
mitting circuit TL and in a silnilar manner 
the receiving channels RL, RI, la, and 
RI, are associated with a common receiving 
circuit RL. The circuits TL and RL are 
associated with the main line ML through 
transformers 2() and 21, so that the trans 
mission from the several channels may si 
multaneously take place over the nail line. 
One form of amplifying arrangement is 

illustrated in Fig. 2, in which the main line 
ML is connected to the nail line section 1 
MI' by Jeans of a plurality of repeater's 
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EA, EA, EA, and E.A. for annplifying 
transmission from west to east, a similar se; of one-way repeaters W., WA, WA and 
WA being provided for amplifying trans 
missions from east to west. Each of these 
repeaten's is referably a vacuum tube re 
peater of well-known type. as illustrated in 
connection with the repeaters EA and WA, the retaining repeaters leing merely illus. 
tratel schematically. Filters are provide 
in the input and out pit circuits of each one 
way repeater for determining the frequen 
cies which will be transmitted to the re. peater for amplification. Thus the amplifier 
EA is provided with filters EF, and EF, 
in its input and output circuits, respectively, 
these filters being of the general character 
des' ribed in the patents to Campbell afore 
mentioned, and being so designed as to trans mit a range of frequencies, for example from 
3,000 to 5,000 cycles, which, it will be noted, 
corresponds to the frequencies used in trans 
mitting from the transmitting channel T., 
of Fig. 1. The corresponding repeater WA 
for repeating in the opposite direction, is 
likewise providel with filters WF, and 
WF, of the same general type, but in this 
instance the range of frequencies transmitted 
is illustrated as being from 23,000 to 25,000 
cycles, corresponding to the range of fre s assigned to the receiving circuit 
RI. of Fig. 1. Similar filters are provided 
for all of the other one-way repeaters, as 
inclicated, and in each instance the frequency 
range of the filters will correspond to the 
i 'tillency range of a corresponding trans 
mitting or receiving channel at the station 
of Fig. 1. s , , The line ML will, of course, terminate 
in carrier apparatus similar to that shown 
in Fig. 1... but for simplicity of illustration 
the carrier apparatas at the other station is 
not illustrated. as it is not necessary for a 
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complete understanding of the invention. 
The operation is as follows: 

Signals incoming from the line I, are 
transmitted to the transmitting channel TL 
through the transformer 11, modulating the 
carrier frequency of 5,000 cycles by means 
of the modulator M, The modulated fre 
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23,000 and 25,000 cycles are impressed upon 

uencies are transmitted through the filter 
F. amplified by the amplifier TA and 

then passed through the filter TF, to the 
common transmitting circuit TI. At the 
same time similar operations may take place 
with respect to the circuits L,L, L. 
The several modulated frequencies are now 
impressed through the transformer 20 upon 
the main line ML and are transmitted to 
the repeater apparatus of Fig. 2. The 
modulated frequencies incoming from the 
transmitting channel TL, are selected by 
means of the filter EF amplified by the am 
plifier EA and then passed through the 
filter EF, to the main line ML'. In a 
similar manner the modulated frequencies 
from the other transmitting channels are 
Selected and Epig by the circuits of . 

2. the amplifiers EA, EA, and EA 
Signals from the distant station (not 

shown) associated with the main line. ML 
are translated into frequencies lying in a 
range from 23,000 to. 40,000 cycles and are 
transmitted over the rnain line ML to the 
repeater apparatus of Fig. 2. Modulated 
currents corresponding to one transmitting 
channel at the distant station are passed 
by the filter WF, amplified by the amplifier 
WA, and passed through the filter WE'. 
for transmission over the main line ML; other frequencies pass through the circuits 
of repeaters, WA, WA, and WA Upon 
arriving at the station of Fig. 1 the several 
frequencies are transmitted through the 
transformer 21 to the receiving circuit RL, 
from which they are separated through the 
filters RF RF, etc., of the receiving chan 
nels. The modulated frequencies between 

the detector D, and are thereby translated into low frequency signals which are am 
plified by the amplifier RA and passed 
through the low pass filter RF, to the line 
I. The operations in connection with the 
receiving channels RI, RL, and RL are 
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similar to those taking place in connection with the receiving channel RL. 
Since the frequencies used in transmitting 

in one direction lie within an entirely differ. 
ent range from those used for transmitting 
in the opposite direction, it is possible, by 
use of a properly designed repeater, to am 
plify all of the frequencies transmitted in 
one direction, by means of a common am plifying arrangement. Fig. 3 illustrates an 
arrangement for this purpose. In this in 
stance the transmission line ML is associated 
with the transmission line ML through an 

are primarily designed for multiplex tele 

amplifier EA for transmitting from west to 
east and an amplifier WA for transnitting 
from east to west. The amplifier EA com 
prises four vacuum tules 31 and 32, 33 and 
34 arranged in a so-called “push-pull' cir- 70 
cuit, so that distortion is practically elimi nated. The principles of the pisli-ill type 
of repeater are well understood and need not 
be herein described. Repeater WA simi larly comprises ainplifying tubes 35, 36, 37 75 
and 38, and is similar in all respects to the repeater EA. 
In order to provide proper frequency 

separation between the repeaters, filters EF 
and EF are associated with the input and 80 
output circuits of the amplifier EA 
and filters WF, and WF are simi 
larly associated with the amplifier WA. 
The filters EF and EF are arranged 
to transmit frequencies between 3,000 and 85. 
20,000 cycles, so that, all of the frequencies incoming from transmitting channels TL 
TL, TL, and TL, of Fig. I may be passed 
to typi EA and amplified thereby. 
Filters WF and WF have a range between 90 
23,000 and 40,000 cycles, so that all of the 
frequencies, transmitted in the opposite di 
rection to the receiving channels RL, RL 
RL, and RL of Fig. 1 are amplified by the filter WA. 
The operation of the arrangement shown 

in Figs. 1 and 3 will be obvious and need 
not be further described. It will be seen 
that no arrangement for balancing the trans 
mission line sections is provided in.con- 100 nection with the repeater arrangement of 
Fig. 3, since the frequency, separation 
due to the filters is sufficient to prevent singe 
E; over the circuit including the repeaters 
EA and WA in series. The same statement 10: applies to the repeater arrangements of Fig. 
2, in which all of the repeater circuits are 
separated by means of filters, so that no. 
singeing circuit can be formed through any 
two repeaters in series. - lic 
It will be understood that the frequencies 

disclosed herein are for purposes of illus 
tration merely, and that other frequencies 

95 

than those shown may be used, if desired. 
It will be also understood that the signaling 18 
channels shown may be utilized for the 
transmission of signals of any desired char- . 
acter although, as illustrated, the channels 
phone transmission. 
: It will also be obvious that the general 
principles herein disclosed may be embodied in many other organizations widely differ 
ent from those illustrated, without depart 
ing from the spirit of the invention as de-26 fined in the following claims. 
What is claimed is: - as 
1. In a signaling system, a transmissione line, means for simultaneously transmitting 

over said line in one directión a plurality 10 
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4. 

of signals by neans of cirrents of lifferent 
frequencies, in eans for sin altaneously trans 
Initting in the posite lirection over said 
line a plai'ality i? signals by means of cur 
'ents of a plurality of other frequencies, a 
connon repeat '1' in sail line for amplify 
iig all of the fire ('fit's 'alasiittee in one 
directio1, all a set" . " Innon repeater for 
aniplifying all of the frequencies trans 
mitted if the pit site direction. t 2. In a signaling systeii. a transmission 
line, neas for siniil aneously transmitting 
in one direction ver, said line a plurality 
of signals by nea is of c't '''Ints of a plu 
rality of frequencies lying within one fre 
ciency range, nuans for simultaneously 
transmitting in the opposite lirection over 
said line a pirality of signals by means of 
currents of lifferent frequencies lying with 
in another frequency raugr, a one-way re 
peater aparatis' for airlifying currents 
fransmitted over said line in line direction, 
a second one-way repeater apparatus for 
amplifying currents transmitted over said 
line in the opposite direction, a broad land 
wave filter associated with said first men 
tioned repeating apparatus for freely trans, i. transmission in one direction and another Initting to the repeater frequencies lying 
within said first nientioned rage, while substantially suppressing frequencies lying. 
without said range, and a second broadband 
w.ve flier associated with said sect nd men 
tioned repeating apparat is for freely trans 
initting theretti freitencies lying within said 
sccond mentioined frequency range, while 
substantially preventing the transmission of 
frequencies lying without said range. 3. In a signaling system, in which signals: 
are transmitted in opposite directions by 
means of currents of different frequencies, a repeater apparatus comprising one-way 
repeaters for repeating, oppositely directed 
transmissions, the input and output circuits 
of said one-way repeaters being so asso 
ciated with each other and with the trans 
mission medium of the system that energy 
rinay be freely transmitted from the output 
circuit of the repeater to the input circuit 
of the other repeater, and means associated 
with each one-way repeater for preventing 
the transmission the reto of energy of fre 
quiccios used for the transmission of signals. 
in this direction in which the other repeater 
antifies. . . . 4. Tin a sirilaling system, a transmission 
fine. means for sit ultaneously transmitting 
over said line in one direction a lutrality 
of signals by 1eas of irrents (if a slit 
rality of fertiencies lying within one fre 
?ilency i'an:re, means for sin ultaneously 
transmittir. ovir said line ii, the opposite 
direction a plurality, if signals by means of 
a plurality of currents of different fre 
quencies lying within another, and entirely 
differest frairncy ringe, relicating appa 
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rats in said line for amplifying currents 
within the one frequency rang, and nother 
repeating apparatus for transmitting cur 
rents lying within the other frequency 
range. ' - 

5. In a signaling system, a transmission 
line, means for simultaneously transmitting 
over said line a plurality of signals by 
means of currents of a plurality of fre quencies, lying within one frequency range, means for simultaneously transmitting in 
the opposite direction over sail line, a plus 
radity of signals by means of currents of 
different frequencies lying within another 
and entirely different frequency range, a 
common repeater for amplifying all of the frequencies within the first meetioned range, 
and another common repeater for amp 
fying all of the frequencies within the sec 
ond range. 

5. In a signaling system a transmission 
line, means for transmitting one range of 
frequencies over said line in one direction, 
neans for transmitting another and entirely 
different range of frequencies over said line 
in the opposite direction; a two-way peater in said line comprising a circuit for 
circuit for transmission in the opposite di fection; an amplifier in each circuit, and se 
lective means in one of said circuits on each 
side of the amplifier therein, for passing 
the range of frequencies used in transmit 
ting in one direction, and selective means 
in the other circuit on each side of the 
amplifier therein, for seleting the range of 
frequeicies used in transmitting in the op 
posite direction. 7. In a signaling system a transmission 
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line, means for transmitting one range of 105 
frequencies over saidl line in one direction, 
means for transmitting another and entirely 
lifferent range of frequencies over said line 
in the opposite direction: a two-way re 
peater in sail line, said repeater, compris 
ing a circuit for transmission in one di 
rection, and another circuit. for transmis 
sin in the opposite direction: an ampli-. 
fier in cgch circuit: a band filter on each side of the amplifier in one circuit for pass 
ingr the range, of frequiencies transmitted in 
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one directii in and suppressing the range of 
frequenci's trausinited in the opposite di 
rection, and a land filter on each sile of the 
amplifier in the other circuit for freely 
transmiftinsy the range of frequencies trans 
mitted in the opposite direction, and for 

120 

suppressing the frequencies transmitted in. 
the first direction. . . . . s. In a signaling systeus transmission ital 
sectiois, olie-way fransmission paths be 
ween said line sections, means for so inter 
connecting the ends of said paths and said. 
line sections that transmission anay .." is 
plaire, front one path to the other upon the 
. . . . . . . 
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transmission of energy over one of said 
paths to a line section, "E. selective 
ineans to limit to one of said paths a range 
of frequencies transmitted in one direction 
over said line sections, and frequency selec 
tive means to innit to the other path an 
other and entirely different range of five 
quencies transthitted in the opposite direc tion over said lines. 

9. In a signaling system, transmission line 
sections, one-way transmission paths be 
tween said line sections, means for so inter connecting the ends of said paths and said 
line sections that transmission may take ls 
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place from one path to the other upon the 
transmission of energy over one of said 
paths to a line section, a band filter arrange 
ment associated with one of said paths and 
having a range of free transmission such 
that frequencies, transmitted over said line sections in one direction will be passed into 
said path to the exclusion of the other path, 
and a band filter arrangement associated 
with the other path and having a different, 
range of free transmission such that fre 
quencies transmitted over said line.sections 
in the opposite direction will he trapsmitted 
over said paths to the exclusion of said first mentioned path. 

10. In a signaling system, transmission 
line sections over which a plurality of sig 
inals may be simultaneously transmitted in 
both directions, a circuit arrangement asso 
ciated with said line sections for transmis 
sion in one direction, another circuit ar 
rangement associated with said line sections 
for transmission in the opposite direction, 
‘means for so interconnecting said circuitar 
rangements with said line sections that 
tralismission may take place from one cir 
cuit arrangement to the other upon the trans 
mission of energy over one of said circuit 
arrangements to a line section, means for 

5. selecting into one of said circuit arrange 
ments a plurality of signals transmitted over 
said line sections in one direction, and pre 
venting transmission over said iircuitar 
rangement of signals transmitted in the op 
posite direction and means associated with 
the other circuit arrangement for selecting 
into the said circuit arrangement a plurality 
of signals transmitted in the opposite direc 
tion, while preventing the transmission over 
said circuit arrangement of signals trans 
mitted in the said first direction. 11. In a signaling system transmission 
line sections one-way transmission paths be 

... tween said line sections, means for so inter 
60 connecting the ends of said paths and said line - sections that transmission may take 

lace from one path to the other upon tes 
transmission of energy over one of said paths to airie section, one-way repeaters in 

: each of said paths, selective means in one of said paths whereby frequencies transmitted 

over said line sections in one direction will 
pass over said path to the exclusion of thic 
other path, and selective, Incans in thc (the 
path whereby frequencies transmitted over 
said line section in the opposite direction 
will pass over suitl path to the exclusion of 
said first mentioned path. w 

12. In a signaling system, trailsmission 
line sections, one-way translaission paths be 
tween said line sections, nears for so inter 
connecting the encls of said paths and said 
line sections that transmission inay take 
place from one path to the other pon the 
transmission of energy over one of said 
paths to a line section, one-way repeaters in 
each path, selective devices in one of said 
paths on each side of said repeater whereby 
frequencies transmitted over said line. Sec 
tions in onc direction will pass over said. 
path to the exclusion of the other path, and 
selective means in the other patl on each 
side of the repeater therein whereby fre 
qriencies transmitted over said line sections 
in the opposite direction will pass over said 
path to the exclusion of said first mentioned path. a 

;3. In a signaling system, transmission 
line sections one-way transmission paths be 
tween said line sections, means for so inter 
connecting the ends of said paths and said 
line sections that transmission may take 
place from one path to the other upon the 
transmission of energy over one of said 
paths to a line section, one-way repeaters in 
each of said paths and band filters in one 
of said paths whereby frequencies trans 
mitted over said line sections in one direc 
tion will pass over said path to the exclusion 
of the other path, and band filters in the 
other path whereby frequencies transmitted 
over said line sections in the opposite direc 
tion will pass over said path to the exclusion 
of said first mentioned path. 

14. In a signaling systein, transmission 
line sections, one-way transmission paths be 
tween said line sections, means for so inter. 
connecting the ends of said paths and said 
line sections that transmission may take 
place from one path to the other upon the 
transmission of energy over one of said 
paths to a line section one-way repeaters in 
each path band filters in one of said paths 
on each side of said repeater whereby fre 
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(uencies transmitted over said line sections 
'in one direction will pass over said path to 
the exclusion of the other path, and band 
filters in the other path on each side of the repeater therein whereby frequencies trans 
mitted over said line sections if the oppo 
site direction will pass over saidpath to the 
exclusion of said first mentioned path, 

15. In a signaling system, 'a transmission 
line section adapted to transmit a plurality 
of carrier channels in each direction one 
way transmission paths, means for so inter 
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tonnecting the ends of said paths and said 
in s'it is a at tra simission Lay take place 
tri e at to the other upon the trans 
ission if enery () cit one of sail paths to 

s: i line s'il it, retency selective means 
lit (i.e I saic paths a range of fre 

tilencies correspottling to a plurality of 
harnels tra sitting in one lire?tion over 

-: it in si?tia, a frequency selective 

means to limit to the other path another li 
range of frequencies corresponding to a plu 
rality of channels trannitting in the oppo 
site tirection over sail line section. 

In testimony whereof, I have signed my 
name to this specification this 12th day of 18 
September, 1919. 

(ARLES S. DEMAIREST. 


